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http:WHAT THIS PAPER ADDS
The current study investigates the role of intra-peritoneal microdialysis after endovascular aortic repair (EVAR)
for ruptured abdominal aortic aneurysm with the aim to ﬁnd an early marker for complications to an increased
intra-abdominal pressure that might evolve to abdominal compartment syndrome. The metabolic ﬁndings
support an early diagnosis to be established.Objectives: This study aims to evaluate intra-peritoneal (ip) microdialysis after endovascular aortic repair (EVAR)
of ruptured abdominal aortic aneurysm (rAAA) in patients developing intra-abdominal hypertension (IAH),
requiring abdominal decompression.
Design: Prospective study.
Material and methods: A total of 16 patients with rAAA treated with an emergency EVAR were followed up
hourly for intra-abdominal pressure (IAP), urine production and ip lactate, pyruvate, glycerol and glucose by
microdialysis, analysed only at the end of the study. Abdominal decompression was performed on clinical criteria,
and decompressed (D) and non-decompressed (ND) patients were compared.
Results: The ip lactate/pyruvate (l/p) ratio was higher in the D group than in the ND group during the ﬁrst ﬁve
postoperative hours (mean 20 vs. 12), p ¼ 0.005 and at 1 h prior to decompression compared to the ﬁfth hour in
the ND group (24 vs. 13), p ¼ 0.016. Glycerol levels were higher in the D group during the ﬁrst postoperative
hours (mean 274.6 vs. 121.7 mM), p ¼ 0.022. The IAP was higher only at 1 h prior to decompression in the D
group compared to the ND group at the ﬁfth hour (mean 19 vs. 14 mmHg).
Conclusions: Ip l/p ratio and glycerol levels are elevated immediately postoperatively in patients developing IAH
leading to organ failure and subsequent abdominal decompression.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Pyruvate, GlycerolEndovascular aortic aneurysm repair (EVAR) is increasingly
used for the treatment of ruptured abdominal aortic aneu-
rysms (rAAAs) and decreased mortality and morbidity have
been reported.1e3 In contrast to open repair, the retroperi-
toneal or intra-abdominal haematoma is not evacuated
during EVAR and intra-abdominal hypertension (IAH) is
commonly recorded.4e6 Abdominal compartment syndrome
(ACS) is a major cause of morbidity and mortality, in recent
publications estimated to develop in 12e29% of rEVAR
cases.2,6e8 ACS is deﬁned as a sustained IAP>20mmHg, withresponding author. T.M. Hörer, Department of Cardio-Thoracic and
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//dx.doi.org/10.1016/j.ejvs.2013.03.002or without an abdominal perfusion pressure (APP)
<60mmHg, which is associated with new organ dysfunction/
failure according to the World Society of the Abdominal
Compartment Syndrome (WSACS) deﬁnition. An IAP
>12 mmHg is considered abnormal9e11 (www.wsacs.org).
Pain relief, neuromuscular blockade, diuretics or colloids
have been reported to be useful in the management of
ACS.4,9,12,13 The gold-standard ACS treatment, however, is
laparotomy, allowing clinical inspection and aiming to
decompress the abdomen and relieve the high-pressure
effect on abdominal organs.14 Tissue plasminogen activator
(t-Pa)-assisted haematoma evacuation has recently been
described for ACS decompression and might be useful in
selected cases.15
Intra-peritoneal microdialysis (IPM) with measurement of
the lactate/pyruvate (l/p) ratio and glycerol levels has been
shown to provide early markers of major complications,
visceral ischaemia and anastomosis leakage.16e19 Intra-
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experimental acute ischaemia and are related to cell
damage and also to the inﬂammatory response.20,21 Glyc-
erol levels might decrease over time in patients with major
intra-abdominal complications and seem to reﬂect a slower
intra-abdominal response that might be explained by
hypermetabolism.22e24
The aim of this study was to evaluate IPM for l/p ratio
and glycerol as potential early markers of IAH leading to ACS
in patients undergoing rEVAR.MATERIALS AND METHODS
Study design
The study compares patients with established ACS accord-
ing to the WSACS deﬁnitions10 or IAH together with APP
<60 mmHg and new organ failure leading to abdominal
decompression (D group) with patients not developing IAH
and organ failure after EVAR for rAAA (ND, non-
decompression group) and was designed to follow the
patients during the entire ICU stay. The ﬂowchart is illus-
trated in Fig. 1. The study was approved by the RegionalFigure 1. Study desEthical Review Board of the Uppsala-Örebro Region and is
registered in a clinical trial register (researchweb.org nr
107541).
Patient cohort
Between May 2007 and May 2011, 16 patients with
infrarenal rAAA veriﬁed by emergent computed tomog-
raphy (CT) or CT angiography (CTA) suitable for EVAR were
recruited after informed consent. In this period a total of 76
patients were treated for infrarenal rAAA in our institution.
The patients in this study were prescreened for inclusion
only when at least one of the investigators (TH, PS or TL)
was on call and appropriate staff was available to handle
microdialysis. The patients were treated according to
a permissive hypotensive regimen.3,25 The study protocol
included baseline data, onset of symptoms, physical
examination, the Hardman score, perioperative data, post-
operative hourly notes of vital signs, IAP, urine production
and IPM data. Microdialysis samples were collected every
20 min during the ﬁrst 9 h and then every 3 h. The patients
were followed up during their ICU stay until they were
discharged or up to 120 h. Due to the fact that the ﬁrstign/ﬂow chart.
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patient underwent decompression already at 5 h, the focus
is on this immediate postoperative period.
Data were also analysed at 1 h before decompression,
but as measurements were for practical reasons not per-
formed after the ICU stay, complete data in the ND group
after the ﬁfth hour are not available. Therefore before-
decompression data were compared with the ﬁfth hour in
the ND group, provided the ND group was stable in the
previous values.
Operative technique and microdialysis
Local anaesthesia and sedation were preferred, but
conversion to general anaesthesia had to be used in ﬁve
cases. Four patients had general anaesthesia from the start.
rEVAR using percutaneous access has been described else-
where.1,3,8,25,26 Completion angiography was performed to
exclude type I endoleaks. At the end of the rEVAR proce-
dure, a 2e3-cm skin incision was made below the umbi-
licus. After dissection through the abdominal fascia, a minor
incision of the peritoneum was made and a microdialysis
catheter (CMA 62; CMA Microdialysis AB, Stockholm,
Sweden) was inserted into the abdomen with infusion of
a physiologic solution (perfusion ﬂuid T1, CMA Microdialysis
AB, Sweden) at a rate of 0.3 ml min1. A skin suture secured
the catheter and the patient was transferred directly to the
ICU. The measurements started 1 h after completion of
rEVAR.
The principle and technique of microdialysis have previ-
ously been described.20,27,28 Analysis of lactate, pyruvate,
glycerol and glucose was performed using a CMA 600
analyser (CMA Microdialysis AB, Stockholm, Sweden). A
research nurse performed all analyses separately and
results were unknown for the surgeon taking a decision to
decompress.Table 1. Patient characteristics and pre-operative data.
Characteristics Decompression
n ¼ 6
Age (mean, range) 75.3 (65e86)
Male 5
Co-morbidities
Diabetes mellitus 1
Hypertension 5
Hyperlipidaemia 1
Ischaemic heart disease 3
Myocardial infarction 1
Peripheral vascular disease
Chronic pulmonary obstructive disease 2
Creatinine >150 mmol/l on arrival 2
Lowest SBPa on admission, Mean (mmHg) 98 (58e120)
Lowest SBPa during EVAR, Mean (mmHg) 63 (50e80)
Hardman index score:
0 1
1 1
2 4
3
4
a SBP e systolic blood pressure.Measurement of intra-abdominal pressure and
decompression process
Intra-abdominal pressure (IAP) was measured hourly with
a FoleyManometer device (Holtech Medical, Charlotten-
lund, Denmark) in the urinary bladder with the patient in
a supine position. In the case of an IAP >20 mmHg and new
organ failure (ACS) or IAH (>12 mmHg) and APP <60 mmHg
together with new organ failure, the senior vascular
surgeon on call made the clinical decision to decompress
the abdomen. The decision to decompress was therefore in
some cases taken without ACS, as deﬁned by WASCS, but
with IAH or reduced APP. Decompression was made either
through a midline laparotomy or by t-Pa-assisted decom-
pression,15 according to our policy. In patients who deteri-
orated quickly the rule was to perform an emergent
laparotomy.Statistical analysis
Analysis of variance (ANOVA) for repeated measurements
by mixed model with autoregressive correlation structure
was used to analyse markers from microdialysis as well as
IAP, mean arterial pressure (MAP), serum lactate and urine
production. Due to skewed distribution of the l/p ratio,
lactate, glycerol, serum lactate and urine production, loga-
rithmic transformations were performed and geometric
means (antilogarithmic values) and 95% conﬁdence inter-
vals (CIs) are presented in the ﬁgures and tables. To validate
the results where a normal distribution could be questioned
after transformation, the ManneWhitney U test was per-
formed, however, with unchanged conclusions. Kendall’s
Tau-b test was used to compare the Hardman score
between the groups. Mean (range) was used to summarise
continuously measured variables that were analysed with
an unpaired t-test for comparison. Three microdialysisgroup Non-decompression group
n ¼ 9
p-value
76.7 (58e90) 0.214
7 e
e
5 e
e
2 e
1 e
1 e
3 e
e
82 (40e120) 0.275
55 (40e145) 0.23
0.385
3
3
2
1
Table 2. Perioperative and postoperative data.
Decompression group
n ¼ 6
Nondecompression group
n ¼ 9
p-value
Mean packed blood cells transfusions (unites) 5.5 2.2 0.003
Intra-op IV ﬂuid, ml 3766 3625 0.353
Usage of aorta balloon (number of patients) 4 1 e
Mean EVAR time (minutes, range) 180 (90e380) 213 (120e330) 0.611
Local anaesthesia 1 6 e
Days in ICU (mean) 15.5 1.6 e
Dialysis at 30 days (No.) 4 0 e
Dialysis at 1 year (No.) 0 0 e
30 days mortality (No.) 1 0 e
90 days mortality (No.) 2 0 e
1 year mortality (No.) 3 0 e
Complications (No.):
Cardiac 1 1 e
Respiratory 1 2 e
Stroke 1 0 e
Bowel ischaemia 1 0 e
T.M. Hörer et al. 599samples were gathered per hour and analysed. Data are
presented hourly. SPSS version 17 (SPSS Inc., Chicago, IL,
USA) was used for the statistical analysis. p-values <0.05
were considered statistically signiﬁcant.
RESULTS
Data from the ﬁrst ﬁve ICU hours and data 1 h prior to
decompression (BD) in the D group are presented. OneFigure 2. Graphic presentation of mean values with conpatient died upon arrival to the ICU and 15 patients
(12 men), mean age 76 years (range 58e90) completed the
study. Patient characteristics and perioperative and post-
operative data are presented in Tables 1 and 2.
Seven patients were in haemodynamic shock
(<80 mmHg systolic blood pressure) on admission; three
of them were decompressed. In total, six patients were
decompressed after rEVAR. One patient had IAH grade I,ﬁdence interval of IAP. BD: before decompression.
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time to decompression was 12 h (range 5e33 h). Nine
patients did not show signs of IAH with new organ failure.
One patient in the D group developed a major stroke 14
days postoperatively and died. A second decompressed
patient suffered colonic ischaemia, requiring partial colec-
tomy. This patient was on dialysis for some months but was
fully recovered at 1 year. Three additional patients in the D
group required temporary dialysis. One patient in the ND
group had a myocardial infarction (MI) and atrial ﬁbrillation
in the immediate postoperative period, with elevation of
intra-peritoneal metabolites, and is considered an outlier.
Data are shown separately. Mortality at 30 days and at 90
days was 12.5% (2/16) and at 1 year 18.8% (3/16). There
were no vascular re-interventions in the 30-day post-
operative period.
Intra-abdominal pressure (Table 3 Web Publication, Fig. 2)
The mean IAP during the ﬁrst ﬁve postoperative hours in
the D group was 16 mmHg (CI 12e20). Corresponding mean
IAP in the ND group was 15 mmHg (CI 11e18). At the last
hour before decompression, IAP in the D group had
increased to 19 mmHg (CI 14e23) while it was 14 mmHg (CI
7e15) in the ND group at the ﬁfth hour.
Urinary output (Table 3 Web Publication, Fig. 3)
The mean urinary output during the ﬁrst 5 h was 11 ml h1
(CI 3e30) for the D group and 50 ml h1 (CI 18e136) for theFigure 3. Graphic presentation of mean values with conﬁdencND group (p ¼ 0.36). At 1 h prior to decompression (BD),
the D group had no urinary output.Serum lactate (Table 3 Web Publication)
The D group had a mean serum lactate of 6.9 mM (CI 4.7e
9.2) at the ﬁrst postoperative hour, rapidly decreasing to
2.7 mM (CI 0.4e4.9) at 5 h after surgery. ND patients had
a mean serum lactate of 2.4 mM (CI 0.3e4.5) 1 h post-
operatively, decreasing to 1.4 mM (CI 0.8e3.5) after 5 h.
The difference between the groups was only statistically
signiﬁcant during the ﬁrst and third postoperative hours
(p ¼ 0.003 and 0.016, respectively).Mean arterial pressure (Table 3 Web Publication, Fig. 4)
MAP did not differ between the groups.MICRODIALYSIS RESULTS (TABLE 3 WEB PUBLICATION,
FIGS. 5e7)
Lactate/pyruvate ratio
During the ﬁrst ﬁve postoperative hours the mean l/p ratio
in the D group was 20 (CI 17e25) and the corresponding
value in the ND group was 12 (11e16), p ¼ 0.005. BD, the
mean l/p ratio had increased to 24 (CI 17e36) in the D
group and was 13 at the ﬁfth ICU hour (CI 10e19) in the ND
group, p ¼ 0.016.e interval of urine production. BD: before decompression.
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During the ﬁrst ﬁve ICU hours, the D group had a mean
glycerol level of 274.6 mM (172.5e475.4) compared to
121.7 mM (62.4e212.7) in the ND group, p ¼ 0.022. BD, the
glycerol level was 245.5 mM (117.8e512.9) in the D group
as compared to 135 mM (CI 76.2e272.9) in the ND group,
recorded at the ﬁfth ICU hour, p ¼ 0.267.
Lactate
In the ﬁrst ﬁve postoperative hours, the decompression
group had a mean lactate of 10.1 mM (4.8e12.4) compared
to 2.7 mM (1.7e3.4) in the ND group, p ¼ 0.003. BD, the D
group showed a mean lactate of 6.5 mM (3.7e11.2) and the
ND group had at the ﬁfth ICU hour 2.6 mM (CI 1.6e4.2),
p ¼ 0.016.
Glucose
During the ﬁrst ﬁve hours the mean glucose level in the D
group was 11.0 mM (8.0e14.1) and in the ND group was
8.7 mM (6.1e11.3), p ¼ 0.233. BD, the mean glucose level
in the D group was 10.0 mM (6.4e13.6) and in the ND
group at the ﬁfth hour it was 8.9 mM (CI 6.0e12.5),
p ¼ 0.76.
Outlier (Fig. 8)
A 57-year-old male patient in the ND group suffered atrial
ﬁbrillation and was haemodynamically unstable duringFigure 4. Graphic presentation of mean values with conrEVAR. His electrocardiogram (ECG) showed ST elevation
and Troponin I was 0.72 mg l1, indicating a signiﬁcant MI
with subsequent heart failure. The patient had a low IAP
(5e7 mmHg) throughout the postoperative period and
normal urinary output. The ip l/p ratio was high (up to 96)
during the ﬁrst two postoperative hours, decreasing to 18
before leaving the ICU. Follow-up was event free. All data
are presented with this outlier excluded.
DISCUSSION
rEVAR tends to increase and may become widespread.29 A
new problem can arise as the retroperitoneal haematoma is
not evacuated, with a subsequent risk for development of
IAH and ACS, a probably under-diagnosed condition.9 The
diagnostic tool to detect ACS is measurement of IAP and
urinary output.4,5,7,30 In patients presenting with IAP over
20 mmHg and reduced urine production, the indication for
decompression might be clear. In the case of borderline IAP
there is a risk for delayed surgery and increased morbidity
and mortality.9e11 IPM has in clinical studies been shown to
predict major complications, primarily with an l/p ratio
increase, as this increase and most likely also increased
glycerol levels might not only signify ischaemia but also
mitochondrial dysfunction and inﬂammatory complications
before clinical signs of multiple-organ failure or septicaemia
appear.17,27,31e35
The six patients in this study who developed ACS or IAH
together with abdominal perfusion pressure<60 mmHg andﬁdence interval of MAP. BD: before decompression.
Figure 5. Graphic presentation of mean values with conﬁdence interval of ip l/p ratio. BD: before decompression.
Figure 6. Graphic presentation of mean values with conﬁdence interval of ip glycerol. BD: before decompression.
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the ip l/p ratio from the start of the measurements,
increasing from the third hour until the last measurement
before decompression (Fig. 5). This is consistent with other
studies that have shown a rise of ip l/p ratio in ischaemic
animal models and in human studies of surgical complica-
tions before clinical signs appeared.17,20,36e38 Glycerol was
signiﬁcantly higher in the D group during the ﬁrst two post-
operative hours but the difference between the groups
decreased (Fig. 6). Although glycerol is shown to increase in
studies of ischaemia the present ﬁnding has been reported in
other studies17,27,32 and might be explained by release of
pro-inﬂammatory proteins (cytokines, TNF-a, interleukin-1
(IL-1) and IL-6), increased microvascular permeability and
hypermetabolism.24,39,40 This phenomenon might appear
several hours after surgery when the inﬂammatory response
has developed. A decrease of glycerol levels might therefore
possibly be amarker for major complications.17,22,27,32 Serum
lactate was high in the D group postoperatively but
decreased rapidly (Table 3 Web Publication). As lactate
produced during ischaemia is metabolised in the liver, it may
be an unreliable parameter to detect ACS.41 Four of the six
decompressed patients (and one in the ND group) had
a period of aortic-balloon occlusion during surgery due to
haemodynamic instability, which partly may explain the high
postoperative lactate values and higher ip glycerol in the D
group.The outlier did not develop IAH or ACS and had a shortFigure 7. Graphic presentation of mean values with conﬁdperiod of increased l/p ratio. Subsequently he followed the
pattern of the ND patients (Fig. 8). Patients undergoing
cardiac surgery under extracorporeal circulation have been
shown to develop an increased l/p ratio and former studies
support that patients with atrial ﬁbrillation might have short
episodes of l/p ratio elevation.27,42 This ﬁnding emphasises
that the ip l/p ratio is unspeciﬁc and might reﬂect any organ
hypoperfusion or inﬂammatory process.43
This series has a higher percentage of severe IAH than
reported in the literature. This might be explained by our
institution’s policy of ‘rEVAR whenever possible’29 and an
active attitude during the study period to follow the devel-
opment of IAH hourly in the ICU. To our knowledge no other
study has previously investigated the intra-abdominal
metabolism after rEVAR. The results point at signiﬁcantly
elevated ip l/p ratio and glycerol levels immediately after
rEVAR in patients developing ACS or IAH together with new
organ failure. IAP is in comparison a later predictor that may
be inﬂuenced by high bodymass index (BMI), muscle tension,
pain and assisted ventilation.9,10 IPM gives an opportunity to
study early metabolic changes that may be predictive for an
upcoming organ failure. There is an evident relationship to
IAP; the latter however, does not give information on the
causeeeffect relation. Serum lactate decreased over time in
the direct postoperative period, indicating a non-speciﬁc
hypermetabolic state and seems unreliable for detection of
early ACS.9e11 A possible confounding factor in this study isence interval of ip lactate. BD: before decompression.
Figure 8. One non-decompression patient considered as an outlier. The graph shows ip l/p ratio during the whole ICU period.
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occlusion balloon was used.
A limitation is that microdialysis data after decompression
were not analysed (as there is no available microdialysis data
after open decompression), neither was IAP measured after
the ICU stay for practical reasons. The respiratory compo-
nents of IAH/ACS (partial pressure of oxygen in the blood/
fraction of inspired oxygen PaO2/FiO2) were not studied as
some patients received local anaesthesia.
A major drawback of IPM is its invasive nature that
requires insertion of an abdominal catheter at the end of
EVAR and hesitation to perform this procedure in the case
of previous abdominal incisions.
In conclusion IPM has in this study demonstrated meta-
bolic changes related to vital organ failure, immediately
after surgery in patients who later had to be decompressed.
The method has the potential to prove beneﬁt for early
prediction of developing ACS. Larger studies have to prove
the clinical value of this ﬁnding.
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